A study was undertaken to measure the ability of rats to regulate amino acid intake by means of a self-selection method . Weanling rats were simultaneously offered a choice between a 10% casein diet or a 10% amino acid mixture diet lacking methionine or lysine and a 10 casein diet containing different levels of methionine or lysine over 2 weeks . Weight gain and food consumption of rats allowed a choice between the two diets were much greater than those of animals fed on the fixed diets with high levels of methionine or lysine added, and the self-selecting rats had the ability to take in amounts of methionine or lysine appropriate to meet the requirement. Methionine intakes of self-selecting rats were kept to a relatively narrow range (41-100mg/day) , but lysine intakes of self selecting rats were wide-ranging (86-300mg/day) . It was demonstrated that methionine or lysine intake is closely regulated in rats given a choice of diets containing varied levels of methionine or lysine .
of two diets which differed only in amino acid content would provide a useful technique for examining the relationship between food intake and amino acid ingestion. A feeding system of this type has been used for studies of food preference with regard to protein (10) (11) (12) (13) (14) (15) , and amino acid disproportion (1, (15) (16) (17) (18) (19) (20) , but little information is available on the effect of varied levels of amino acids on food intake.
The present investigation was designed to determine the effects of different levels of amino acids, methionine or lysine, on food preference in the weanling rat.
METHODS
Male weanling rats (35- the choice between the 10AA-S and the 10C1M diets (self-selection feeding) . Experiment 2. In experiment 2-A, rats were fixed-ratio fed on the 10% casein diet (10C), the 10% casein diet containing 1 .0, 3.0, 5.0 and 7.0% L-lysine• HCl (10C1L, 10C3L, 10C5L and 10C7L) and the amino acid mixture diet lacking lysine (10AA-L).
In experiment 2-B, rats were offered a choice between the 10C and the 10C1L , 10C3L, 10CSL or 10C7L diets, and were also separately fed on the 10AA-L and the 10 C, 10C1L or 10CSL diet.
RESULTS

Experiment 1
The effects of the feeding methods (fixed and self-selection) on weight gain , f ood consumption and methionine intake in rats given diets which differed in methionine content are presented in Table 1 , and the changes in the daily food preference of rats offered two diets are shown in Fig. 1 .
When rats were fed on the fixed-ratio diet (Exp . 1-A), the largest weight gain was observed in the animals consuming diets in which 0 ,1, 0.2 and 0.5% methionine . ISHIDA Table   1 The effects of fixed-ratio were added (10C0.1M, 10C0.2M and 10C0.5M), but at the addition of methionine above the 1% level, marked growth depression was caused. The weight loss in animals fed on the 10C diet with 5% methionine (10C5M) added was comparable to that in rats fed on the diet lacking methionine and cystine (10AA-S). The food consumption of these groups was about proportional to the weight change, and the rats fed on the 10C5M or the 10AA-S diet ate considerably less than those fed on the 10C diet. When rats were simultaneously offered a choice of two diets which differed in methionine content (Exp. 1-B), weight gain and food consumption of all the combination groups were comparable to those in animals fixed-ratio fed the 10 C0.1M, 10C0.2M and 10C0.5M diets. The rats that were given a choice between the 10C and the 10C0.1M, 10C0.2M or 10C0.5M diets ate greater amounts of the diets with added methionine than of the 10C diet, and to the same extent with selected amounts of the 10C0.1M, 10C0.2M and 10C0.5M diets (80.3, 75.8 and 87.2, respectively). Rats given a choice between the 10C and the 10C1M, 10C2M or 10C5M diets consumed considerably less of the diet containing methionine as the methionine level increased, and the selected amounts of the 10C1M, 10C2M and 10C5M diets were 58.6, 13.0 and 2.5% of the total intake, respectively. When the dietary choice was between the 10AA-S and the 10C1M diets, rats ate more of the latter diet than the former. The preference for the 10C1M diet in rats fed on the combination diets of the 10C1M and 10AA-S was higher than that in animals fed on the 10C1M and 10C diets. Methionine intake in the self-selecting rats of this experiment ranged from 0.58 to 1.44g per 2 weeks. Figure 1 shows that rats have the ability to discriminate between diets containing methionine from the beginning of the self-selection experiment, e. g. animals clearly preferred the diets containing 0.1, 0.2 and 0.5% methionine over the 10 C diet from the first day, while the amounts of the 10C2M and 10C5M diets selected were considerably less throughout the experimental period.
Experiment 2
The effects of fixed-ratio and selection feeding methods on weight gain, food consumption and lysine intake in rats offered diets which differed in lysine content are presented in Table 2 , and the Bialy food preferences of two diets are shown in Fig. 2 .
When rats were fed on the fixed-ratio diet (Exp. 2-A), the addition of 1% lysine to the 10C diet did not affect the weight gain and food consumption, but addition of lysine up to a level of 3% or more caused the depression of growth and food intake. Weight gains of the 10C3L, 10C5L and 10C7L groups were 71.1, 44.4 and 19.4% that of the 10C group, respectively. The lysine-devoid group (10AA-L) was unable to maintain the initial body weight. The food consumption of these groups was also roughly proportional to the weight gain.
When rats were offered a choice between the 10C and the 10C1L, 10C3L or 10C7L diets, and the 10AA-L and the 10C, 10C1L or 10C5L diets (Exp. 2-B), Food preference in rats offered a choice of two diets differing in lysine content.
Open bars=10C group; hatched bars=10C1L, 10C3L, 10C5L or 10C7L groups;
and vertical-stripe bars=10AA-L group.
weight gain and food consumption of all the combination groups were close to those of the 10C group, except that the weight gain in the combination groups of 10AA-L and 10C5L was somewhat low. When the dietary choices were the 10C and the 10C1L or 10C3L diets, rats preferred the 10C1L and 10C3L diets over the 10C diet, and the amounts consumed were 96.8 and 70.2% of the total intake, respectively. However, when the lysine level was increased to 5 to 7%, the food preference of both groups was markedly decreased, and the selected amounts were only 14.5 and 6.8% of the total, respectively. Lysine intake in the self-selecting rats of experiment 2-B ranged from 1.20 to 4.20g per 2 weeks. Figure 2 indicates that rats have the ability to discriminate between diets containing lysine from the start of the experiment, as is the case with methionine, with the exception of the preference for the 10C vs. 10C5L, and the 10C5L vs. 10AA-L diets. The selected amount of the 10C5L diet was greater than that of the 10C diet only on the first day. With the choice between the 10C5L and the 10AA-L diets, the daily consumption of the latter diet was progressively increased during the feeding period. Figure 3 shows the relationship between the weight gain and the methionine or lysine intake in rats which were given diets by the fixed-ratio and the self-selection feeding methods. Methionine intakes of self-selecting rats were kept to a relatively M. ISHIDA narrow range (41-100mg methionine/day), with weight gains equal to those obtained in animals receiving the fixed-ratio diets supplemented with 0.1 to 0.5% methionine. In contrast, lysine intakes of self-selecting rats covered a wide range (86-300mg lysine/day), with maximal weight gain obtained. Thus substantial differences were observed between methionine and lysine intakes. The point at which the intake of methionine and lysine reached a plateau was about the same as with the value which indicates the requirement of total sulfur-amino acid (22, 23) and lysine (22) (23) (24) (25) (26) , respectively. The results of lysine selection in the present study were obtained by the feeding of diets containing suboptimal amounts of me thionine, but similar findings have also been observed in a self-selecting experiment using gluten diets which are deficient in lysine only (27) .
DISCUSSION
The present results have clearly demonstrated that, in rats offered a choice of two diets varying only in methionine or lysine content, the intakes of both methionine and lysine are regulated, and animals feed to meet the requirement for these amino acids. Figure 3 shows that the intake of methionine is more rigidly regulated than that of lysine. This may be related to the findings that an excessive intake of methionine is highly toxic (1-3) . On the other hand, the fact that lysine intake covers a wide range may be attributed to the fact that the activity of liver lysine-ketoglutarate reductase involved in lysine catabolism increases adaptively with increasing ingestion of lysine (28, 29) .
In connection with the present study, it has been demonstrated that rats exhibit a definite ability to regulate protein intake (13) (14) (15) . Anderson and associates (13, 14) have shown that the rat has a capacity to regulate protein intake and that this regulation is mediated under separate control from energy intake, and that there exists a control mechanism which adjusts protein intake to meet requirement for protein. Peng et al. (15) reported that rats are able to select a protein diet which supports maximal growth when proportions of dietary amino acids are balanced.
From our results, it is suggested that the regulation is mediated by a combination of two modes: one which increases the amino acid intake until a certain requirement is met, and another which prevents the excessive intake of amino acid. For the modes controlling protein intake, a similar assumption has been proposed by Musten et al. (13) .
The selections of methionine and lysine observed in the present study (Exp. 1-B and 2-B) are difficult to explain on the basis of palatability of the diets even if the effect cannot be disregarded, because rats were able to select adequate amounts of methionine or lysine from diets differing widely in methionine or lysine content. Ashley and Anderson (14) have suggested that, in the self-selection experiments of dietary protein (gluten and casein), the effect of addition of lysine to both gluten and casein is probably due to the nutritional effect, while in contrast, that of additional of methionine may be due to its taste. In the experiment 1-B on methionine addition, when rats were allowed a choice between the 10C1M and the 10AA-S or 10C diets, the selection of the 10C1M diet was much more frequent than that with the 10AA-S or 10C diet (Fig. 1) . Similar findings were observed in the experiment 2 -B in which self-selection of dietary lysine was examined. When the dietary choices were the 10CSL and 10C diets, and the 10CSL and 10AA-L diets, the selection of the 10C5L diet in later dietary combinations was considerably higher than that in former ones (Fig. 2) . These results suggest that the selection of methionine or lysine is related to a nutritional effect rather than an effect due to the palatability of the diets in which methionine or lysine is added, if the taste of methionine and lysine is unpleasant.
Some investigations (16) (17) (18) (19) (20) have shown that, when the proportions of the dietary amino acids are out of balance such as in the case of amino acid imbalance and antagonism, the rats are unable to select the diet that supports growth. However, it is well known, in general, that a diet of higher nutritive value will be selected over one of poorer nutritive value, all other nutrients being equal (30) (31) (32) (33) (34) . For example, rats in B-vitamins deficiency preferred the diet containing the vitamins (31, 33) . Rats preferred a diet containing heated soybean meal over diets containing raw soybean (34) .
The mechanisms which control the intake of amino acids, methionine and lysine to meet the requirements these of are not clear. The food intake response caused by a dietary excess of individual amino acids, amino acid imbalance or high levels of protein has been shown to be independent of the ventro-medial area of the hypothalamus (20, 35, 36) . Leung and Rogers (20, 36) have suggested that certain prepyriform areas are responsible for an amino acid deficiency or amino acid imbalance, but not for excess amino acid. Other receptors outside the prepyriform must therefore be involved under situations of high levels of individual amino acids, but the precise areas have not as yet been identified.
It is postulated that plasma amino acid levels or patterns may be responsible for the regulation of amino acid intake. Harper et al. (37) have shown that the depression of food intake in rats fed on amino acid-imbalanced or amino acid deficient diets is linked to changes in the plasma level of the limiting amino acid. Anderson et al. (38, 39) have also proposed that the plasma tryptophan/neutral amino acids (phenylalanine, tyrosine, leucine, isoleucine and valine) ratio correlate inversely with the protein intake selected. It will be important to clarify the involvement of plasma amino acids in the regulation of amino acid intake in self selected rats.
It is concluded from this study that weanling rats, if allowed a choice of diets containing different levels of methionine or lysine, exhibit evidence of a definite ability to select methionine or lysine to meet maximal growth. One would predict that a similar regulation may also be involved in the intake of other amino acids.
